Introduction
The ecological term ' mangrove ' refers to a taxonomically diverse group of halophytic, generally woody plants that form the dominant vegetation in the upper intertidal zones of saline wetlands along tropical and subtropical coasts (Ball, 1988; Ricklefs & Latham, 1993) . Historically, mangroves have attracted interest among biogeographers for their unusual global patterns of diversity (Duke, 1992; Ricklefs & Latham, 1993) , and among botanists for their specialized morphological features that permit aerobic metabolism in anaerobic brackish tidal flats. Similarly, the ecological responses of mangroves to variation in sedimentation, microtopography, estuarine hydrology and geochemistry are a Author to whom all correspondence should be addressed.
0272-7714/96/020231+16 $12.00/0also well known (reviewed by Hutchings & Saenger, 1987) . However, the functional relationship between mangrove physiognomy and sedimentation rates has received less research attention, even though numerous studies have shown that mangroves also affect coastline morphology (Phillips, 1903; Vaughan, 1910; Davis, 1940; Chapman & Ronaldson, 1958; Stephens, 1962; Ranwell, 1964; Macnae, 1966; Thom, 1967 Thom, , 1982 Scholl, 1968; Bird, 1971 Bird, , 1972 Thom et al., 1975) . This land-building function has implications in coastal management for the use of mangroves as natural barriers to protect adjacent agricultural land, because mangroves protect stopbanks by reducing erosion from wave action, tides and river flow. This is important for shallow reclaimed estuaries prone to flooding, especially where the land is below sea level.
The relationship between mangrove physiognomy and sediment accretion is exemplified by the healthy regenerating Avicennia marina var. australasica (Duke, 1991) forest and active sedimentation processes in the Firth of Thames of the North Island, New Zealand. Historical aerial photographs indicate that the mangrove forest fringe has spread 200-250 m across previously unvegetated mudflats in the past 49 years. Mangroves are restricted to a specific tidal zone so this seaward advance occurred while the mudflats accreted. Aggradation of this coast is expected in the absence of mangroves because the rivers have high suspended sediment loads (Waikato Regional Council, 1991) , but the advance of Avicennia marina has been so rapid it is hypothesized they have enhanced the background sedimentation rate.
The aim of this study is to quantify the relationship between Avicennia marina physiognomy and the rate at which sediment accretes at the forest bed in the Firth of Thames. Three complementary lines of investigation are employed. First, the relationship between pneumatophore density and sedimentation rate is quantified in an experiment using a range of densities of artificial pneumatophores. Second, the relationship between sediment accretion and several descriptors of Avicennia marina physiognomy is determined from measurements along transects parallel to the landward gradient of mangrove age and tree size. Third, the scales of spatial heterogeneity in pneumatophore density and sedimentation accumulation along the transects are analysed using geostatistical techniques. This combination of experiment, empirical measurement, and analysis of scale dependency is a powerful means to analyse the deterministic relationship between mangrove physiognomy and sedimentation.
Study site
The study site is located on the west side of the Piako river mouth on the Hauraki Plains, North Island (37 12 S, 175 30 E) (Figure 1 ). The Hauraki Plains are flanked by mountains extending south from the Firth of Thames. Land levels range from less than 1 m above mean sea level at the backshore to only 4 m some 50 km upstream. The Hauraki depression is a broad 30-km wide valley extending 150 km south of the Hauraki Gulf. It is bounded on the west by Jurassic greywackes which form the Hunua Range and the basement of the region. The Coromandel Range in the north and the Kaimai Range in the south are composed of Tertiary volcanics (Hochstein & Nixon, 1979) . Gradual subsidence of parallel fault blocks created two wedge-shaped depressions layered with sediment that thicken eastwards. The Hauraki Plains comprise fine-grained marine sediments (mainly clays and silts with occasional shell beds) from the north, and coarser-grained alluvial sands and gravels from the Piako drainage basin to the south (Dewhurst, 1981) .
The Piako river has an average discharge of c. 11·9 cumecs (Waikato Regional Council, 1991) drawn from a 890 km 2 catchment area. The Piako catchment has been modified extensively by drainage and flood protection works and the replacement of indigenous vegetation with pasture for dairy-farming and dry stock grazing. Drainage of 75% of the wetlands has left only 14% of the plains covered by native vegetation (Waikato Regional Council, 1991) . High stocking rates, streambank erosion, and deforestation in the surrounding hills have degraded water quality, enhanced the suspended sediment loads and accelerated the infilling of the Avicennia marina forest bed in the southern Firth of Thames (Waikato Regional Council, 1991) .
The Piako River is tidal for c. 50 km upstream. It has a large tidal range best described as meso-tidal and semi-diurnal; the spring tidal range is 3·6 m and the neap tides range 2·7 m (Dyer, 1973) . The lower Piako estuary has a complex circulation of saline and freshwater. A wedge of salt water and a mixing zone of brackish water span 3 km. Difficulties imposed by the tidal influence near the river mouth have hindered systematic hydrological and water quality monitoring so no long-term data have been collected (Van Rossem, 1990) .
The mangrove forest extends 5-6 km upstream, covers a total area of approximately 500 ha, and is dominated by Avicennia marina var. australasica. This forest is typical of estuaries with high tidal range and strong bidirectional currents (Thom, 1982) . Avicennia marina physiognomy varies from the young seedlings and saplings at the zone of forest advance, to the old trees above tidal innundation stressed by the soil chemistry. Information on New Zealand mangrove physiognomy is scant but the Piako Avicennia marina forest is considered a healthy and ecologically significant ecosystem (Maxwell, pers. comm.) . Piako mangrove stands are very dense compared with other New Zealand mangrove stands. They are twice as dense as stands in the eastern reaches of the Manukau Harbour, Auckland (pers. obs.) and most individuals are larger than those in Tuff Crater, Waitemata Harbour, Auckland (Woodroffe, 1985) . The climate of the study area is wet temperate with warm humid summers, mild winters and no marked dry season (Maxwell, 1971) . Climatic normals from the nearest meteorological station at Ngatea, 14·5 km upstream from the study site, indicate a mean annual rainfall of 1216 mm and a daily mean temperature of 14·1 C. Daily maximum and minimum temperatures are 20·2 C and 8 C, respectively, and an average of 37 frosts occur per annum (Ministry of Transport, 1986) . Although this study site is near the southern global limit of mangroves (Ricklefs & Latham, 1993) , minimum water and air temperatures do not significantly limit the Piako Avicennia marina stand. The landward fringes of older mangrove stands are occasionally damaged by frost (Maxwell, 1984) .
Field methods
A small experimental plot was constructed to simulate accretion under a range of densities of artificial pneumatophores. Results of this experiment are used to quantify the relationship between sediment accretion rate and the density of Avicennia marina pneumatophores, while controlling for slope position, tidal flow, and mangrove basal area and stem density. A 1·8 m 1 m mudflat area free of obstructions was delimited c. 10 m landward from the mangrove fringe. The long side was oriented perpendicular to the tidal flow and subdivided into six 0·3 m 1 m sections containing a range of densities of artificial pneumatophores protruding 70-150 mm from the surface: 100, 150, 200, 250, 300, 350 pneumatophores m 2 (Figure 2 ). The latter three densities are higher than were observed in the study area. Several materials were considered for the artificial pneumatophores. Small apple tree cuttings were chosen over wooden dowels, bamboo and wooden strips because they approximate pneumatophore diameter, and the bark texture and buds are similar to the surface irregularities and barnacles on pneumatophores. Two 10 mm square 1·3 m long tanalized pine stakes were inserted in each subsection to monitor accretion. Accumulated sediment was measured against the stakes after 13 weeks.
Simultaneously, sediment accumulation and stand physiognomy were measured along two parallel transects oriented north-east from a drainage channel to the Avicennia marina fringe. Transect 1 is 520 m long and runs parallel to the Piako River, 150 m from the west riverbank (Figure 1 ). Transect 2 is 460 m long and is 75 m from the river.
Avicennia marina stem density, basal area, pneumatophore density, and sediment accretion were measured at sample sites along each transect. The distance between accretion sampling points was stratified to accommodate the seaward spatial gradient of mangrove physiognomy.
Rates of accretion were expected to vary over a smaller spatial scale towards the mangrove fringe, so accretion was monitored against stakes spaced 20 m along the longitudinal axis of the transects and 10 m near the forest fringe. Accretion at each sampling point was averaged over the measurements on two stakes identical to those in the experimental plot located 2·5 m either side of the transect centre-line. Accretion was monitored for 5 months.
Measurements of stem density (trees m 2 ) and basal area (the ratio of the area occupied by the tree trunks to ground area, cm 2 m 2 ) were used to describe Avicennia marina physiognomy. Stem density and basal area were estimated using the pointcentred quarter sampling technique, a common plotless sampling method in vegetation ecology (Cintron & Novelli, 1984) . The point-centred quarter method is rapid, efficient and provides greater information value per sampling point than other field methods. Basal area for each sample point was calculated by converting measures of trunk diameter at breast height (dbh) to stem area and then multiplying the average of these stem areas by the corresponding stem density. Pneumatophore density measurements were described using a systematic unaligned random sampling design. The distance between each sampling subarea was fixed, but each sampling point was randomly located within each subarea. The transects were divided into 10 5 m sections over most of their length and 5 5 m near the mangrove fringe. Pneumatophore density in each 50-m 2 and 25-m 2 sample area was sampled by counting the number of individual pneumatophores within a randomly located 1-m 2 quadrat.
Analytical methods
The relationship between accretion and Avicennia marina physiognomy was quantified from measures of basal area, stem density and pneumatophore density along the transects and pneumatophore density in the accretion experiment using linear leastsquares regression (SAS Institute, 1990) . This provided a test of the general hypothesis that siltation rate is dependent on mangrove physiognomy, and allowed a comparison of the relative importance of each of the independent measures of physiognomy.
Geostatistics were used to investigate the spatial patterns of accretion and Avicennia marina pneumatophore density. Geostatistical techniques are well established in geology, but they have also been successfully used in ecology (Rossi et al., 1992) to quantify the spatial heterogeneity around individual plants (Jackson & Caldwell, 1993a,b) , vegetation response along environmental gradients (Phillips, 1985) , and the spatial distribution of epibenthic crustaceans (Freire et al., 1992) . These robust techniques are particularly useful for inferring controls on environmental variables because they can quantify each variable's degree of spatial dependence and explicitly define the scale over which this dependence is expressed (Robertson & Gross, 1994) .
Geostatistics is based on the theory of regionalized variables which recognizes that values nearby along a gradient are more alike than those measured farther apart. The semivariogram function, (h), is used to formalize the spatial structure of a random variable, Z, by quantifying the variance between pairs of observations as a function of their separation distance or lag, h (van Es, 1993):
In other words, the -h relationship explicitly recognizes that the set of random variables, Y i , is characterised by a spatial structure. This spatial structure is represented in an estimate of the (co)variance defined as:
for all observations at distance h from each other (van Es, 1993 ). The standard semivariogram is then estimated as:
where N(h) is the number of pairs of observations separated by distance h. Analysis of semivariance, (h), is one of the most versatile and unbiased means of examining autocorrelation in environmental data. Its main statistical advantage over other measures of autocorrelation is that semivariance does not require second-order stationarity (Robertson & Gross, 1994) .
When semivariance values are plotted against corresponding h values, the resultant semivariogram has a characteristic structure that represents the average degree of similarity or dissimilarity between samples. Robertson and Gross (1994) explain that the semivariogram documents the spatial component of the variability (patchiness), the robustness of the pattern (patch distinctiveness), and the spatial scale over which the autocorrelation occurs (patch size). Semivariogram values are typically small for low values of h, increase with increasing lag distance, and then reach some asymptote called the sill (C) at a lag distance (L), called the range (Liebhold et al., 1993) . The semivariance value of the sill is usually equivalent to the traditional sample variance, and the range is the distance over which geographic points in the area are (on average) spatially related (Robertson & Gross, 1994) . Points are spatially independent of one another beyond the range. Theoretically, semivariance should approach zero at a distance interval near zero because any sample point should be perfectly autocorrelated with itself, but this is rare in practice. The difference, called the nugget, is estimated as the y intercept (C 0 ) and represents either random sampling/analytical error or spatial dependence at distance intervals less than the minimum interval sampled.
Semivariograms of accretion and pneumatophore density were constructed for each transect using two estimates of semivariance: (1) the standard semivariance [Equation (3)]; and (2) the median absolute semivariance [equation (4)]: Haining (1990) describes advantages of the robust estimate. The least-squares fit for each semivariogram was calculated with the SigmaPlot (Kuo et al., 1992) curve-fitting module for the spherical model, (
3 )]}, for hcrange, and (h)=C for h>range. The degree of spatial dependence or structural variance was calculated as: (C C 0 )/C (Jackson & Caldwell, 1993a) .
Fractal analysis is another means for examining scale-dependent variation. The fractal dimension, (D) is a summary measure of the relative importance of long-range versus short-range variation, or spatial complexity. It can be estimated from the slope of the double logarithmic plot of the semivariogram up to the sill (i.e. hcL), D=(4 )/2 (Burrough, 1981; Phillips, 1985) . The fractal dimensions of sediment accretion and pneumatophore density were calculated to compare their patterns of spatial complexity.
Results
Results from the artificial pneumatophore density experiment are shown in Figure 3 . The amount of sediment accretion in each subarea of the experimental plot is the average of two accretion measurements. A strong positive correlation between the density of the artificial pneumatophores and the accretion in each subarea is visually apparent. Field measurements of Avicennia marina physiognomy and sediment accretion along the two transects are shown in Figure 4 and the correlation matrix is given in Table 1 . Stem density and the density of pneumatophores are commonly used as indicators of mangrove stand health, but they are not significantly correlated here. Basal area and stem density have a weak but nonsignificant positive correlation with accretion, indicating that accretion is independent of above-ground Avicennia marina physiognomy. However, even though the density of pneumatophores is independent of other measures of Avicennia marina physiognomy, it has a strong positive relationship with sediment accretion.
The weak correlation between above-ground Avicennia marina physiognomy and accretion limits statistical inference by regression methods. Accretion in both transects can be predicted from the regression equations of pneumatophore density (Table 2 ), but it is unclear whether the presence of pneumatophores is necessary for sediment accumulation. The significantly positive y-intercept for the Transect 2 regression equation suggests that sediment accumulated in the absence of pneumatophores (which was common at the mangrove fringe), but the y-intercept for Transect 1 is not significantly different from zero. Seedlings abundant at the mangrove fringe may enhance sedimentation in the absence of pneumatophores.
The above statistical analyses highlight a strong correlation between sediment accretion and pneumatophore density. The underlying spatial structure of these data corroborates this relationship. Siltation rates are low near the centre of the transects [ Figure 4(a,b) is variable and the mud surface is dry and compacted. Accretion is higher near the forest margin (Transect 1 distance=360 440 m, Transect 2 distance=300 400 m) where pneumatophores are also dense. Sediment accumulation is very low at the seaward margin of Avicennia marina growth, where pneumatophores occur only in the immediate vicinity of isolated trees. No sediment stakes recorded a lowering of the forest bed, although some stakes at the mangrove fringe (where there were no pneumatophores) had no accretion. Pneumatophore density is sparse at the mangrove fringe of both transects where the root network is undeveloped and Avicennia marina are sparse. Accretion and pneumatophore densities are both relatively low toward the centre of each transect. Avicennia marina stem densities and basal area are highly variable along both transects but low toward the mangrove fringe [ Figure 4(c,d) ]. The region of high basal area at the landward end of Transect 2 is a patch of large trees.
The spatial structure of pnematophore density and accretion was inferred from standard and median square-root semivariograms ( Figure 5 ). The semivariograms for Transect 1 are based on 1996-2278 pairs of points and 1522-1653 pairs were used in Transect 2. The subsets of semivariance shown in Figure 5 for distance lags of 5chc200 m (roughly half the maximum distance available from the data) are based on 20-128 pairs of points. The spread about the spherical model increases with h because semivariance at larger h is based on fewer pairs of points. Parameters for the spherical models fit to these semivariogram subsets are given in Table 3 .
Range values for the spherical function of the standard semivariograms indicate that most of the variation in sediment accretion occurs at a spatial scale of <57-73 m, and <70-76 m for pneumatophore density. Semivariance for accretion and pneumatophore density in Transect 1 have non-zero nugget values, but their relatively high standard errors indicate that they are not significantly different from zero. This suggests that no unexplained variance occurs at scales of h<5 m for either of these variables. Both variables display high spatial dependence, but slightly less in Transect 2 (91-96%) than Transect 1 (100%). Table 3 ).
Estimates of the fractal dimension (D) of accretion and pneumatophore density are given in Table 4 . Fractal dimensions calculated from standard semivariograms [Equation (3)] are not significantly different from those calculated from median square root semivariograms [Equation (4)], so the former were used to permit comparison with fractal dimensions calculated in other studies. The fractal dimensions of accretion and pneumatophore density are slightly higher in Transect 1 (D=1·57 and 1·62) than Transect 2 (D=1·49 and 1·58). Similarly, pneumatophore density has a slightly higher fractal dimension (D=1·58 and 1·62) than accretion (D=1·49 and 1·57), suggesting that some of the processes responsible for sediment accumulation may operate at a larger spatial scale than spatial patterns of pneumatophore density. However, the coefficients on which D is based are not significantly different among the two variables, indicating that accretion and pneumatophore density vary over the same spatial scale in both transects. T 3. Parameters for spherical models fitted through the standard semivariograms for sediment accretion and pneumatophore density in Figure 5 Variate
[0·5(h/range) 3 ]}, and for h>range, (h)=C. The nugget is the y-intercept value (C 0 ), the sill (C) and the range are the semivariance value and distance (m) where the curve reaches an asymptote respectively. The degree of spatial dependence (C C 0 )/C is the ratio of structural to population variance. Numbers in parentheses are standard errors.
T 4. Estimates of the fractal dimension for pneumatophore density and sediment accretion
Semivariance was estimated from Equation (3). (y-intercept) and (slope) are the parameters for a simple linear regression of the log-log transform of semivariance against hcrange, n is the sample size, and D is the fractal dimension. Numbers in parentheses are standard errors.
Discussion
The experimental manipulation of pneumatophore density revealed several aspects of the relationship with sediment accretion. First, the relationship was quantified by a simple linear regression analysis as strongly positive (r 2 =0·941), but possibly non-linear (Figure 3) . At pneumatophore densities >250 m 2 , sediment accretion was approximately twice the maximum rate (on a weekly basis) measured along the transects. The interaction of micro-scale eddies around pneumatophores closer than a threshold distance could produce the exceptionally high siltation rates, but this would need to be confirmed by further research.
These experimental results support the hypothesis that sediment accretion increases with pneumatophore density, and suggest that it may be disadvantageous for individual mangroves to produce a high density of pneumatophores. Bird (1972) has shown that mangroves shelter and stabilize the mud surface, reduce wave scour and retain sediment that otherwise would be transported on unvegetated mudflats. The pneumatophores acquire a micro-relief of accumulated muddy sediment by slowing water velocity so particles fall from suspension. Pneumatophores also exude salt, which increases water salinity and enhances flocculation of the silt and clay sized grains. This changes the surface area to mass ratio of sediments, allowing for a greater settling velocity (Pethic, 1984) . However, a disproportionately high accretion rate would cause physiological stress because the level of tidal inundation would drop as the forest bed accretes, reducing the exposure to salt water, and degrading the edaphic conditions. This is supported by Hutchings and Saenger (1987) who note that the aeration function of pneumatophores can be impeded under high accretion rates, and Maxwell (1984) and Aksornkoae et al. (1992) who suggest that both pneumatophore density and height are correlated with sedimentation and anoxia. We hypothesize that Avicennia marina at this Piako river site produces pneumatophores at a density that balances the benefits of aeration with the drawbacks of sediment accretion, but further research is necessary to fully test this conjecture. Wilson and Agnew (1992) describe several analagous examples of vegetation in a variety of plant communities actively modifying their environment. They suggest that these vegetation positive-feedback ' switches ' are important and relatively common vegetational processes. If Avicennia marina produce pneumatophores at an optimal density that balances sedimentation and aeration then this is consistent with the concept of a positive feedback switch. Unlike Clements' facilitation/relay-floristics model of succession (Wilson & Agnew, 1992) , positive-feedback switches make the environment more favourable for the same plant community. This switch model may also provide an alternative explanation to the idea of zonation patterns as successional sequences (Smith, 1992; Wilson and Agnew, 1992) .
Observations of natural pneumatophore densities and accretion rates in the Piako river mouth support our experimental results. First, the Piako accretion measurements can be compared with similar monitoring exercises in other regions. Accretion under Piako mangroves is slightly higher than accretion measured by Bird (1971) in an Avicennia marina forest on the Australian Yaringa coast. The average accretion along the Piako transects over 5 months is 7 mm and the maximum was 16 mm, compared with an average accretion of 4 mm and a maximum of 13 mm over the same period on the Yaringa coast. This regional difference is probably a result of different geological backgrounds, sediment supply and environmental setting. The sedimentological record and geological setting of the Hauraki region indicate that the Firth of Thames is infilling naturally. This is enhanced by a high river sediment load and the relative shallowness of the Firth of Thames.
Measurements of the extent of Avicennia marina on a chronosequence of five historical aerial photographs of the Piako site indicate that the mangrove fringe advanced c. 200 m from 1944 to 1993. This advance is attributed to vertical accretion of the mudflats adjacent to the mangroves because sea level has not changed significantly. The extent of mangrove growth is strictly dependent on water depth, so lateral movements of the mangrove fringe would coincide with changes in tidal inundation. This relationship can be used to estimate total accretion from the slope of the surface and horizontal advancement of mangroves over the past 50 years. The slope of the mangrove bed and mudflat area from the start of the transects to the low tide mark (c. 2 km) was estimated from maximum water levels at known tidal ranges and times as 1 in 470. Total vertical accretion was estimated as 32 cm over 50 years, or 6·4 mm year 1 , which is slightly higher than the 5·5 mm year 1 measured against sediment stakes at the seaward end of the transects. These values are within the 2 mm estimated measurement error for accretion at each stake. Violation of our assumption that the slope of the Avicennia marina forest bed and the adjacent mudflats is equal may also explain some of this variation.
The weak intercorrelations between Avicennia marina stem density, basal area and pneumatophore density are in part an artefact of measurement methodology, which cannot adequately quantify the large biomass in the complex root system. Pneumatophore density is a function of total root density, the number of pneumatophores adjoined to each root, and tree age, but it is difficult to identify the pneumatophores (and roots) from individual trees without excavating the sediment or using tracer chemicals. Similarly, trends in basal area are complicated by underlying trends in its derivatives: stem density and diameter at breast height. These measures of vegetation structure are commonly inversely related, as trunk diameters are small in areas of high stem density and large in low density areas. For example, basal area is high in the patch of sparse large trees at the landward end of Transect 2. In short, measures of Avicennia marina basal area and stem density are not useful for inferring sediment accretion.
The geostatistical analysis of pneumatophore density and sediment accretion provided ancillary evidence supporting their strong positive correlation. Parameters of the spherical function for both variables are not significantly different, indicating that their underlying spatial structure is similar. The range of variation in these variables is captured over a distance of <57-76 m, and the absence of a nugget effect indicates that no significant spatial variation in accretion or pneumatophore density occurs at a smaller scale than the 5-m separating field measurements. Although both variables display >90% spatial dependence, slightly less was observed in Transect 2 than Transect 1. This suggests that other non-spatial processes may contribute to a small amount of the variance in accretion and pneumatophore density in Transect 2. Finally, sediment accretion and pneumatophore density vary at a fractal dimension between 1·49 and 1·62, which is similar to that estimated for other soil and geological properties (Burrough, 1981 (Burrough, , 1985 . Accretion varies at slightly larger spatial scales than pneumatophore density, but the relative contribution of larger scale processes such as tidal currents to sediment accretion appears to be minor compared with the influence of smaller scale pneumatophore density patterns.
Individual plants in many ecosystems have been shown to influence soil properties. Forest trees (Boerner & Koslowsky, 1989) , dune grasslands (Gibson, 1988) , and semi-desert shrubs and tussock grasses (Charley & West, 1975; Hook et al., 1991; Jackson and Caldwell, 1993a,b) have all been shown to modify their soil environment. Sedimentation in mangrove ecosystems is a function of local land-uses, hydrology, geology, and geomorphology, as well as the dead organic matter produced by mangroves and their associated fauna and flora (Woodroffe, 1982) . However, we have shown that vertical accretion is a strong positive function of Avicennia marina pneumatophore density that may represent an example of a positive-feedback switch in plant communities. In addition to having implications in mangrove forest dynamics (Smith, 1992) and evolutionary ecology, this simple relationship may also have predictive value for historical reconstructions of coastal geomorphology and environmental and sea-level change (Woodroffe & Grindrod, 1991; Woodroffe, 1992) and for long-term sedimentation forecasts in coastal management of mangrove ecosystems. The importance of Avicennia marina pneumatophores in sedimentation underscores the role of mangrove species in the management of estuarine and coastal wetlands (Maxwell, 1991) .
